Abstract. Many road and highway have been constructed over the expansive soil in Java Island without proper soil improvement for the subgrade. The behavior of the column on the expansive soil needs for study numerically and large scale. In this study, a numerical analysis is performed to study the effect of swelling on the deformation of the soil stabilized column supported flexible pavement. The main focus of the research is to obtain the deformation due to swelling and vehicle loading. The methodology including comparison the differential settlement of the soil stabilized column supported flexible pavement and unsupported flexible pavement as control model. The numerical analysis was modeled using finite element method. The simulations result that the column installation to support flexible pavement reduced the heaving and differential settlement of the pavement effectively. In case the overlay was performed for rehabilitation and maintenance of the pavement, the mini-columns can be installed before the overlay works. However, the conclusions of the study were limited to the result of numerical modeling that depended on the applied material model and volumetric swelling.
Introduction
The expansive soil was easily found in Indonesia, especially in Java Island. Many infrastructures, e.g. highway, public buildings, were constructed over the soil. Some investigations have been conducted to identify the degree of swelling at construction sites [1, 2] . The general behavior of the expansive soil is swelling -shrinking due to the soil moisture change during the seasonal weather. Swelling and shrinking behavior caused a detrimental impact on the pavement. The pavement experienced heave due to the swelling pressure of the expansive soil. Some traditional methods using lime, fly ash, cement, and any other chemical materials have been introduced to stabilize the expansive soil. This method enhanced the strength and reduced the degree of expansiveness. An innovation method using Cakar Ayam Modifikasi (CAM) has been investigated by Hardiyatmo and Suhendro [3] as a monolithic continuous reinforced rigid pavement and short pile system on expansive soil.
Lime-column or lime pile and lime/cement column reinforced expansive soil has been studied in some research [4, 5, 6, 7] .. The technique was adopted from mini pile foundation to control heaving and deformation [8] . The previous investigations indicated that the swelling reduction was strongly influenced by the length of the lime columns relative to the total depth of the expansive soil. The maximum swelling reduction can be achieved when the lime columns extend to the elevation of the bottom of the expansive soil. Nazef et al. [9] performed field evaluation of soil stabilized columns (SSC) used for flexible pavement embankment support and settlement control. The observation showed that the SSC increased the overall stiffness of the pavement as indicated by lower deflections and higher embankment moduli when compared to the control section. Although the SSC improved the pavement stiffness, a differential settlement between the grout columns and the surrounding soil resulted in surface protrusions and deformations. Malekpoor and Pooreberahim [10] stated that specimens containing columns with diameter greater than 100 mm, the variations of stiffness become negligible and hence the results can be used to extrapolate and predict the full-size behavior of these columns. A detailed comparison between the experimental and numerical modeling shows good agreement.
The behavior of the column on the expansive soil needs for study numerically and large scale. Numerical study is undertaken to obtain the column configuration before a large scale is applied in field. In this study, a numerical analysis is performed to study the effect of swelling on the deformation of the soil stabilized column supported flexible pavement. The main focus of the research is to investigate the deformation due to swelling and vehicle loading. The methodology including comparison the differential settlement of the soil stabilized column supported flexible pavement and unsupported flexible pavement as control model.
Numerical Modeling
Model Geometry. The geometry of flexible pavement is shown in Fig. 1 . The pavement subjected to standard axle load 80 kN that was equivalent to 1000 kPa and 450 kPa pressures at each wheels. The behavior of flexible pavement with either, a group of mini-columns was investigated in this paper using a finite element method (FEM). The models were analyzed as plane strain problem using PLAXIS 2D ver. 8.5. Two models of the mini-column supported flexible pavement were investigated in this study. The geometry of the models is shown in Fig. 2 and 3 . The plan view of column pattern is shown in Fig. 4a . The column was a circular size with a diameter (d col ) of 0.15 m, and the total length (L col ) was 1 m. The center to center columns spacing (S) was 0.45 m [11] . Table 1 . The expansive clay, the column, and pavement materials (subbase, base, and asphalt layer) were modeled using the Hardening Soil model (HS) in PLAXIS [12] . Tan and Oo [13] and Hird et al. [14] proposed method to model the circular column in plane strain analysis (Fig. 4b) , which plane-strain column width can be taken equal to the axisymmetrical column diameter. Hence the plane-strain material properties need to be adjusted to account for the geometrical changes as given in Equation 
where, E c = elastic moduli of the column material, and subscripts ps and ax denote plane-strain and axisymmetric conditions, respectively. Area replacement ratio a s = A col /(A col +A s ), where A col and A s = cross-section areas of the column and the surrounding soil respectively. c' = cohesion; φ' = internal friction angle; ψ = dilatancy angle; γ unsat = dry unit weight; γ unsat = saturated unit weight. Fig. 5 , which is obtained from one-dimensional free swell test (ASTM D4546: Method A) and soaked-CBR test (ASTM D1883). Some researchers proposed that swelling of the expansive clay was modeled by applying a volumetric strain to the reactive clay layer [15, 16] . For simplicity, in the analysis presented in this study, the 1% volumetric strain was applied uniformly across the full thickness of the clay layer. 
Swelling modeling. Swelling behavior of the soil is shown in

Result and Discussion
Figs. 6 to 8 illustrate the deformed mesh due to swelling and loading from the PLAXIS 2D simulation. In general, the pavement experienced to upward movement due to the swelling. For the unsupported flexible pavement (Fig. 6a) , the vertical deformation (heaving) due to swelling is higher than the supported flexible pavement. The maximum heaving at the pavement surface during after swelling was about 44 mm which was occurred uniformly along the modeled roadway. Whereas the highest heaving of the pavement supported with mini-columns was 24.8 mm due to swelling (Fig.  7a) . In case the overlay was performed for rehabilitation and maintenance of the pavement, the SiCC Vehicle wheel loads during the swelling caused an extreme settlement of the flexible pavement. The loading resulted in a wavy pavement surface (Figs. 6b to 8b) due to differential settlement. The largest settlement occurred beneath the wheel load at point A, B, and C as illustrated in Fig. 9 . The maximum differential settlement of the unsupported pavement was about 46 mm, whereas the settlement decreased to 4.5 mm, and 4.0 mm for the SiCC columns supported pavement ( Fig. 10 and  11) . The results are alluding to conclude that column installation to support flexible pavement reduced the heaving and differential settlement of the pavement effectively. The reduction of heaving and settlement was contributed by the higher strength of the columns. The columns acted as anchorage system against the heaving and vehicle loading. Jenck et al [17] explained that a higher the soil strength parameters and soil stiffness resulted the lower the maximum and differential settlement at the subsoil and pavement surface. It was evidence in this simulation that the columns improved the pavement stiffness as indicated also by Nazef et al. [9] . However, the results of the study need further investigation numerically and/or field experimental works. 
Diiferential settlement : 
Conclusion
Numerical modeling of the mini-columns supported flexible pavement confirmed that its application could reduce the heave and deformation due to swelling and vehicle loading. The column installation to support flexible pavement reduced the heaving and differential settlement of the pavement effectively. In case the overlay was performed for rehabilitation and maintenance of the pavement, the mini-columns can be installed before the overlay works. However, the conclusions of the study were limited to the result of numerical modeling that depended on the applied material model and volumetric swelling. 
